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A B S T R A C T   
Recently, the energy saving potential from using setpoint temperatures based on adaptive comfort has been 
studied. This study proposes a computational approach, the Adaptive-Comfort-Control-Implementation Script 
(ACCIS), to extend the air-conditioning usage to adaptive comfort. ACCIS transforms PMV-based into adaptive 
setpoint building energy models according to both an Input Data File (IDF) and the setup specified by the user. 
Originally, ACCIS was an Energy Management System (EMS) script, but available functions have been extended, 
and ACCIS has been nested in an ease-to-use Python package called Adaptive Comfort Control Implemented 
Model (“accim”). A case study has been tested, whose results showed that adaptive setpoint temperatures could 
achieve an 83% of energy savings. However, its most powerful attribute is that it allows many simulations to be 
run with no limit because of both its high customisation properties and the fact that it allows the same IDF to be 
run with various EPW files.   
1. Introduction 
For years, climate change is not a future problem, but a current one. 
The effects resulting from climate change, which is originated by the 
decisions taken by the human being without considering the environ-
mental impact, are worsening year by year [1]. The temperature in-
crease could oscillate between values close to 2.5 ◦C in 2050, 4.5 ◦C in 
2100, 7.5 ◦C in 2200, and 8 ◦C in 2300 [2], taking as reference the mean 
surface temperature from the preindustrial period. To regulate both 
pollutant gas emissions and resource depletion, the building sector is 
required to reduce greenhouse gas emissions by 90% by 2050 [3]. Ac-
cording to the Fifth Assessment Report (AR5) of the Intergovernmental 
Panel on Climate Change (IPCC), 32% of the global primary energy was 
used in buildings in 2010, thus producing 19% of global emissions. The 
2020 climate and energy package was developed in 2008 to reduce both 
the global temperature increase and climate change effects [4], and in 
2013 the action period was extended to 2030 [5]. One of the main 
reasons of these emissions is the high energy consumption produced by 
the building sector [6]. The deficient energy performance of most 
building stock influences its high energy consumption [7,8]. The 
Directive 2018/844 [20] has recently established the need of European 
countries to develop energy renovation strategies for the existing 
building stock to have energy efficient buildings before 2050. To achieve 
this goal, building energy consumption should be reduced, mainly the 
use of air conditioning systems [9]. In this regard, energy consumption 
measures should be applied to reduce the energy consumption of air 
conditioning systems. 
On the other hand, buildings are refuges of the outdoor conditions. 
Air-conditioning systems are used to maintain the indoor temperature 
within acceptable limits. However, the use of these systems, generally 
with restrictive setpoint temperatures that are very comfortable for the 
human body, could decrease people's capacity to adapt to ambient 
temperature variations physiologically, psychologically and in a 
behavioural way [10], apart from producing high energy consumption. 
The impact of the variation of setpoint temperatures on both energy 
consumption and thermal comfort has been widely studied: (i) Giorgos 
N. Spyropoulos and Constantinos A. Balaras [11] studied the effect of 
readjusting setpoint temperatures in bank branches in Greece. To reduce 
energy consumption, these heating and cooling setpoints were adjusted 
to 20 ◦C and 26 ◦C respectively, thus implying a mean energy saving of 
18% of the total consumption (56 kWh/m2); (ii) Tyler Hoyt et al. [12] 
studied the energy saving obtained by increasing heating and cooling 
setpoint temperatures through a parametric analysis. The cooling set-
point of 22.2 ◦C was increased to 25 ◦C, and the heating setpoint of 21.1 
◦C was decreased to 20 ◦C, so a mean reduction of energy consumption 
of 27 and 34% was respectively obtained; (iii) Parry et al. [13] obtained 
an annual energy saving of 66% by increasing the cooling setpoint 
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temperature between 2 and 4 ◦C in an office building in Zurich; (iv) Wan 
et al. [14] determined that cooling setpoint temperatures greater than 
25.5 ◦C obtained savings in the cooling demand, both in current and 
future scenarios; (v) Lakeridou et al. [15] observed that thermal comfort 
levels were not reduced by increasing the cooling setpoint temperature 
by 2 ◦C in a field study carried out in an administrative building; and (vi) 
Fernández et al. [16] obtained an energy saving that oscillated between 
12 and 20% by applying some energy conservation measures (ECMs), 
including the decrease of heating setpoint temperatures and the increase 
of cooling setpoint temperatures by 1.1 ◦C. 
As previously mentioned, energy consumption was reduced by 
varying the setpoint temperatures, although these temperatures were 
static (i.e., based on the PMV index). Recently, many studies have been 
focused on mitigating this problem by extending the air-conditioning 
usage to adaptive comfort, i.e., by using adaptive setpoint tempera-
tures (AST). These AST are setpoint temperatures based on adaptive 
thermal comfort algorithms, and their values correspond to those from 
upper and lower comfort limits (see Fig. 1). Therefore, since the appli-
cation of AST implies that operative temperature would fluctuate within 
the adaptive thermal comfort zone, it is expected to reduce the energy 
consumption because of the use of less-restricted setpoint temperatures 
while keeping acceptable thermal human thermal sensation: (i) R.P. 
Kramer et al. [17] studied the energy saving in a museum in Amsterdam 
by using various strategies with setpoint temperatures and their 
respective adaptive thermal comfort level. The value of the lower 
comfort limit was assigned to the heating setpoint temperature, and 
HVAC systems were only used in the opening hours of the museum, thus 
implying an energy saving of 74%; (ii) Sánchez-Guevara Sánchez et al. 
[18] applied setpoint temperatures based on the comfort limits of the 
simplified model from the ASHRAE Standard 55–2013 [19], which 
monthly varies, in three residential buildings located in various cities of 
Spain. Energy consumption was reduced by both 20% and 80% in 
heating and cooling, respectively Therefore, adaptive comfort processes 
are significant for the occupants of all buildings, including those 
buildings that are air conditioned [20]. Table 1 summarises some of the 
relevant research articles related to this computational approach. 
Considering a great energy saving potential relies in this energy con-
servation measure, it could help many buildings, specially offices [21], 
to reduce the energy consumption [22]. 
To develop the previous studies, building energy simulations (BES) 
were mainly carried out with DesignBuilder [26], which uses the 
simulation engine EnergyPlus [27]. Moreover, various methods were 
used to determine the setpoint temperatures: on the one hand, very 
rudimentary methods, such as the monthly simulation by changing 
setpoint temperatures and the subsequent annual calculation by sum-
ming the results of the 12 simulations, and on the other hand, more 
effective methods, such as Schedule:Compact, which are objects of 
EnergyPlus that define in detail setpoint temperatures and operation 
schedules. However, a long, tedious and time-consuming process was 
manually conducted, thus constituting error-prone. For example, with 
Schedule:Compact objects, setpoint temperatures, mainly calculated 
with an Excel spreadsheet, were copied and pasted in the Schedule: 
Compact object, the respective EPW file was then assigned, and the 
combination of setpoint temperature and climate zone was simulated. 
Other file management tasks were also required. These tasks were 
carefully performed as there were many files because the studies were 
based on many combinations of setpoint temperatures and climate zone. 
This paper therefore proposes a new computational approach called 
Adaptive-Comfort-Control-Implementation Script (ACCIS) to extend the 
air-conditioning usage to adaptive thermal comfort. ACCIS has been 
developed in the framework established by some research studies, the 
Adaptive-Comfort-Control-Implemented Model (ACCIM). Some param-
eters have been studied, constituting the input arguments related to 
Comfort Mode [23], Category [24] and HVAC mode [25]. Moreover, 
some previous versions of ACCIS have been used, thus making possible 
to perform the studies based on many simulations in different locations 
and AST such as 780 [28] or 48,786 [29] different location-AST com-
binations. Currently, the software or procedure presented in this paper is 
the only one. Other methods achieve the same results; however, these 
methods are manual and therefore time-consuming, tedious and error- 
prone. Besides, there is no restriction regarding the complexity of the 
building energy simulation models. That means any materials, 
constructive features and human activities and building functions can be 
considered, as long as these are correctly modelled. The study is struc-
tured as follows: Section 1 includes the introduction and literature re-
view; Section 2 includes the concepts related to ACCIS and its 
development; Section 3 describes the case studies, their results and 
discussion; Section 4 includes the discussion; and finally, Section 5 
draws the conclusions. 
2. Methodology 
2.1. Previous considerations 
2.1.1. Adaptive thermal comfort models 
Adaptive thermal comfort models have been developed upon the 
adaptability of building users to external climate fluctuations. These 
models are mainly applied in naturally ventilated buildings [30]. ASH-
RAE 55-2020 [31] and EN 16798-1:2019 [32] are internationally 
recognized standards considered as key documents in their field. The 
latter is the European standard, which establishes 3 categories according 
to users' thermal adaptability (T 1). More specifically, each category is 
based on users' thermal expectations according to the type of building: 
Category I is applicable to vulnerable users with limited thermal 
adaptability (e.g., the elderly), Category II is applicable to new build-
ings, and Category III to existing buildings. Each category establishes an 
upper and lower limit for the indoor operative temperature (Eqs. (1)– 
(7)). These limits are calculated using the running mean outdoor tem-
perature (RMOT) (Eq. (8)), which is determined by the weighted 
average of daily external temperatures. Thermal adaptability finds 
Nomenclature 
ACCIM Adaptive-Comfort-Control-Implemented Model 
ACCIS Adaptive-Comfort-Control-Implementation Script 
ACST Adaptive Cooling Setpoint Temperature 
AHST Adaptive Heating Setpoint Temperature 
AR5 Fifth Assessment Report 
AST Adaptive Setpoint Temperature 
BES Building Energy Simulation 
COP Coefficient of Performance 
CV(RMSE) Coefficient of Variation of the Root Mean Square Error 
ECM Energy Conservation Measure 
EER Energy Efficiency Ratio 
EMS Energy Management System 
EPW EnergyPlus Weather 
ERL EnergyPlus Runtime Language 
GUI Graphical User Interface 
IDF Input Data File 
IPCC Intergovernmental Panel on Climate Change 
MBE Mean Bias Error 
PMOT Prevailing Mean Outdoor Temperature 
PMV Predicted Mean Vote 
RMOT Running Mean Outdoor Temperature 
VST Ventilation Setpoint Temperature  
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application under mild external temperatures, and RMOT should be 
between 10 and 30 ◦C according to the European model (EN 16798- 
1:2019). 
Optimal comfort temperature = 0.33∙RMOT+ 18.8 [◦C] (10 ≤ Trm ≤ 30)
(1)  
Upper limit (Category I) = 0.33∙RMOT+ 20.8 [◦C] (10 ≤ Trm ≤ 30) (2)  
Lower limit (Category I) = 0.33∙RMOT+ 15.8 [◦C] (10 ≤ Trm ≤ 30) (3)  
Upper limit (Category II) = 0.33∙RMOT+ 21.8 [◦C] (10 ≤ Trm ≤ 30) (4)  
Lower limit (Category II) = 0.33∙RMOT+ 14.8 [◦C] (10 ≤ Trm ≤ 30) (5)  
Upper limit (Category III) = 0.33∙RMOT+ 22.8 [◦C] (10 ≤ Trm ≤ 30) (6)  
Lower limit (Category III) = 0.33∙RMOT+ 13.8 [◦C] (10 ≤ Trm ≤ 30) (7)  
On the other hand, the adaptive thermal comfort model from ASH-
RAE Standard 55-2020 is widely applied at an international level. It 
establishes two types of limits according to the percentage of accept-
ability in the indoor space: 80 and 90% (Eqs. (9)–(12)). The correlations 
used to determine upper and lower limits are different from the limits 
used by the European standards. In this standard, the weighted average 
of daily external temperatures is called prevailing mean outdoor tem-
perature (PMOT), although the same calculation is made. Likewise, the 
range in which tpma(out) should oscillate varies in ASHRAE 55-2020: 
PMOT should oscillate between 10 and 33.5 ◦C for both the upper and 
lower limit.         
Adaptive thermal comfort is fully implemented within EnergyPlus, 
and it is currently an active research field whose importance has been 
increased because it could be seriously affected by climate change. 
2.1.2. EnergyPlus and Energy Management System 
EnergyPlus, the simulation engine used within the ACCIS frame-
work, is an open-source BES software developed by both the Lawrence 
Berkeley National Laboratory and the U.S Department of Energy. It is 
used by engineers, architects, and researchers to model both energy 
consumption and water use in buildings. This software is a console- 
based program which reads inputs and writes outputs to text files. It 
was originally written in FORTRAN programming language; however, it 
is written in C++ since version 8.2.0. This software and its programming 
language are difficult to understand, so some graphical user interfaces, 
such as DesignBuilder or OpenStudio [33], have been developed to be 
used by people with no programming experience . 
EnergyPlus is a powerful program but limited in terms of custom-
isation. Nevertheless, there is a built-in feature called Energy Manage-
ment System (EMS) that overcomes that weakness. This is a powerful 
tool that develops custom control and modelling routines, and provides 
high-level, supervisory control to override some aspects of EnergyPlus 
modelling. However, it is difficult to use it because it needs writing 
computer programs in a small programming language called EnergyPlus 
Runtime Language (ERL), which is used to describe the control algo-
rithms. EnergyPlus interprets and executes the ERL program when the 
RMOT =
(
Text,d− 1 + 0.8Text,d− 2 + 0.6Text,d− 3 + 0.5Text,d− 4 + 0.4Text,d− 5 + 0.3Text,d− 6 + 0.2Text,d− 7
)/
3.8 [◦C] (8)   
Lower limit (80%acceptability) = 0.31∙PMOT+ 14.3 [◦C]
(
10 ≤ tpma(out) ≤ 33.5
)
(10)   
Upper limit (80%acceptability) = 0.31∙PMOT+ 21.3 [◦C]
(
10 ≤ tpma(out) ≤ 33.5
)
(9)   
Lower limit (90%acceptability) = 0.31∙PMOT+ 15.3 [◦C]
(
10 ≤ tpma(out) ≤ 33.5
)
(12)   
Upper limit (90%acceptability) = 0.31∙PMOT+ 20.3 [◦C]
(
10 ≤ tpma(out) ≤ 33.5
)
(11)   
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simulation is being run. 
In this study, DesignBuilder was used to model the geometry of the 
case study. Moreover, all the remaining tasks were carried out with 
Python (namely, accim package [34], which is based on the eppy package 
[35], and EP-Launch [36], a simple graphical user interface to run 
simulations). 
2.1.3. Eppy 
Eppy is an open-source Python package developed by Philip Santosh. 
It allows IDF files to be programmatically navigated, searched, and 
modified. Moreover, it is possible to access any field within any object 
within the IDF file and modify it, and add or delete IDF objects, among 
other functions. Therefore, the workflow of the eppy process consists in 
taking an input IDF, transforming it into an adaptive-setpoint model 
based on the user customisation, and generating an output IDF. 
The proposed computational approach completely relies on eppy 
because it is used within the accim package to perform most tasks. Some 
of them are as follows:  
- To add thermal comfort fields to people objects.  
- To check if there is an operative temperature thermostat for each 
zone; if not, it should be added.  
- To check if some Schedule:Compact objects needed to work are in the 
model; if not, they should be added.  
- To check if the values for window fields and properties are correct; if 
not, they should be amended.  
- To check if some EMS objects needed to work are in the model; if not, 
they should be added. 
2.2. ACCIS 
2.2.1. Development: From EMS to Python 
Originally, ACCIS was an Energy Management System script written 
in EnergyPlus Runtime Language (ERL) for EnergyPlus. Appendix A 
includes the most basic version of ACCIS, which applies the upper and 
lower comfort limits of EN 16798-1-Category II to the adaptive cooling 
setpoint temperature (ACST) and to the adaptive heating setpoint tem-
perature (AHST), respectively. This version of ACCIS first declares the 
ACST and AHST global variables, and then some objects, which are 
called sensors, are added. These objects allow some variables to be 
monitored. In this case, the variables are RMOT (by means of the sensor 
called RMOT) and the operative temperature (by means of the sensor 
called OpTemp). Afterwards, the Program object called SetAST and its 
ProgramCallingManager object are added. The Program object contains 
all the statements defining the behaviour that the model should have in 
the simulation run, and the ProgramCallingManager object specifies the 
simulation stage when the program should be called. The statements 
within the SetAST program consist of two conditional blocks (one for 
ACST and another for AHST) and should be read as follows: if RMOT is 
greater than or equal to 15 ◦C (which is the lower applicability limit) and 
RMOT is lower than or equal to 30 ◦C (which is the upper applicability 
limit), then ACST should be equal to RMOT*0.33 + 18.8 + 2 (which is 
the upper comfort limit). If RMOT is lower than 10 ◦C, then the ACST 
should be equal to 10*0.33 + 18.8 + 2 (which is the minimum lower 
Table 1 
Relevant research articles related to the computational approach.  
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Fig. 1. Upper and lower comfort limits established in EN16798–1 for each category and comfort temperature.  
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comfort limit when RMOT is equal to 10 ◦C). In case any of the previous 
conditions are met, if RMOT is greater than 30 ◦C, then ACST should be 
equal to 30*0.33 + 18.8 + 2 (which is the maximum upper comfort limit 
when RMOT is equal to 30 ◦C). Afterwards, a similar conditional block is 
added for AHST. So far, the script would monitor the RMOT and specify 
how should the ASTs behave, but it has not been overridden any 
behaviour in the model. This is the purpose of the Actuator objects, 
which are added in the following step. Therefore, an Actuator object 
should be added for each AST. In addition, setpoint temperatures are 
driven by Schedule:Compact objects, so the Actuators should override 
the behaviour of these objects. Finally, the Program object called 
ApplyAST and its ProgramCallingManager object are added. The pre-
vious SetAST program specifies the values that the ASTs should have (as 
the program name indicates). However, in ApplyAST, the AST values are 
assigned to the Actuator objects previously added (FOR-
SCRIPT_ACST_Schedule and FORSCRIPT_AHST_Schedule), thus over-
riding these Schedule:Compact objects' behaviour. 
However, adding that script to the IDF does not transform the fixed- 
setpoint into adaptive-setpoint behaviour because a Schedule:Compact 
object should be added for each setpoint (FORSCRIPT_AHST and FOR-
SCRIPT_ACST); moreover, FORSCRIPT_AHST and FORSCRIPT_ACST 
should be assigned to the heating and cooling setpoints of the HVAC 
system, among other tasks. These inherent tasks cannot be automated by 
ACCIS, but they are needed to work with. Therefore, a Python package 
(called accim, as the previous framework on which it has been based) 
should be developed to nest ACCIS on it. This package is distributed 
using PyPI (The Python Package Index). For ease-use purposes, both a 
module called accis and a function within it called addAccis()are 
developed to run this computational approach, so only the addAccis() 
function is required to be called. When users call the addAccis() func-
tion, accim carries out many tasks that could not be previously auto-
mated and allows ACCIS to be added to any IDF. 
2.2.2. Development: Two different approaches 
The version of ACCIS included in Appendix A only works with single- 
zone building energy models (after carrying out all its inherent tasks). To 
work with multiple-zone models, each zone should have a different 
HVAC system, so each HVAC system could work independently at 
different times. Afterwards, ACCIS is split into two different approaches: 
SingleZone and MultipleZone branches. In the SingleZone branch, the 
building energy model should have an HVAC system to feed the single 
zone, while in the MultipleZone branch, no HVAC system is required 
because accim automatically adds a VRF system for each zone. 
This bifurcation takes place after developing ACCIS and the accim 
functionality, thus leading to some common features, such as the input 
arguments included, so users could customise the output IDFs: Adaptive 
Standard, Category, Comfort Mode, and Tolerances. However, the 
MultipleZone branch is developed as it is more likely to be used, thus 
having some features that SingleZone does not have. These features are 
the additional input arguments: HVAC Mode, Ventilation control, 
Ventilation setpoint temperature offset, Minimum operative tempera-
ture offset, and Maximum wind speed. 
2.2.3. Main functionality: Input arguments and easy use 
The addAccis() function has been developed to be used as simple as 
possible, but keeping its high customisation properties. An usage 
example of the addAccis() function is shown in Appendix B. Fig. 2 in-
cludes the workflow from an end-user point of view: there is a folder 
with some input IDF files, so the user just needs to set the folder as 
working directory, import the accis module from the accim package, and 
then call the addAccis() function. Some arguments may be included, 
otherwise the user is asked to enter the required information in the 
command prompt or Python interpreter. Afterwards, the output IDFs are 
generated in the same folder for each input IDF, based on the input 
parameters specified by the user. The name of each output IDF consists 
of each argument used to set up the output IDF file, separated by the 
character ‘[‘. The separator is used to easily separate the columns in 
other data analytics software, as R or Python itself, by means of the 
pandas package [37]. 
First, three arguments are used for setting up the script to be used:  
- ScriptType: It is used to choose between MultipleZone or SingleZone 
approaches.  
- Outputs: They refer to the desired outputs to be included in the 
simulation results. ‘Standard’ means that results will contain the full 
selection; ‘Simplified’ means that results are both the hourly opera-
tive temperature and the energy demand of each zone; and ‘Time-
step’ means that results are the full selection in timestep frequency, 
so this is only recommended for tests or for few simulations.  
- EnergyPlus_version: It is used to choose EnergyPlus 9.1.0, 9.2.0, 
9.3.0, 9.4.0, or 9.5.0. 
The remaining arguments are used for setting up the output IDFs:  
- AdapStand: It refers to the thermal comfort standard to be applied. 
Available options are CTE, EN 16798-1, and ASHRAE Standard 55.  
- CAT: It refers to the category of the applied adaptive thermal comfort 
standard to be used. Available options are Categories I, II and III from 
EN16798-1, and 80% and 90% acceptability from ASHRAE Standard 
55.  
- ComfMod: It refers to the comfort mode applied. In these comfort 
modes, adaptive setpoints are mainly used when the adaptive model 
is applicable; if not, static setpoints are used. Therefore, the differ-
ence between the available options is the static model applied, which 
could be CTE (the Spanish Building Technical Code), the static set-
points specified in the selected adaptive standard, or a horizontal 
extension of the comfort limits. These options are respectively OUT- 
CTE, OUT-SEN16798 or OUT-AEN16798 if the EN16798-1 standard 
is previously chosen, or OUT-CTE, OUT-SASHRAE55 or OUT- 
AASHRAE55 if ASHRAE Standard 55 is chosen.  
- HVACmode: It refers to the HVAC mode applied. Available options 
are Full air-conditioning, Naturally Ventilated, or Mixed Mode.  
- VentCtrl: It refers to the ventilation control. Available options are as 
follows: the ventilation to be allowed if the operative temperature 
exceeds the neutral temperature (also known as comfort tempera-
ture), or the ventilation to be allowed if the operative temperature 
exceeds the upper comfort limit. In other words, it sets the value of 
the neutral temperature or of the upper comfort limit to the Venti-
lation Setpoint Temperature (VST).  
- VSToffset: It applies the entered values (in Celsius degrees) as an 
offset to the VST. These values could be positive or negative decimal 
numbers, so that the offset is set above or below the original VST.  
- MinOToffset: It stands for the Minimum Outdoor Temperature offset 
and sets the minimum outdoor temperature offset to the heating 
setpoint temperature. For example, if the user enters ‘1’, ventilation 
will not be allowed if outdoor temperature falls below 1 ◦C below the 
heating setpoint to avoid excessive cold.  
- MaxWindSpeed: It stands for the maximum wind speed and sets the 
maximum wind speed in which ventilation is allowed (in m/s).  
- ASTtol: It stands for the Adaptive Setpoint Temperature tolerance. It 
applies the number that the user enters as a tolerance for adaptive 
heating and cooling setpoint temperatures. The original problem was 
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that, if the adaptive setpoint is assigned to the comfort limit without 
any tolerance, then a few hours are not within the comfort zone 
because of the error in some decimals in the simulation of the 
operative temperature. Therefore, the original purpose of this argu-
ment is to control that all hours are comfortable hours, and this can 
be assured by considering a small tolerance of 0.10 ◦C. 
For further information, the user can consult the accim's documen-
tation website [38], which contains a more detailed explanation of the 
input arguments, a tutorial, and some examples, as well as additional 
information on the installation. 
2.2.4. Main functionality: Inside addAccis() 
To understand the procedure of addAccis(), it is recommended to 
have an overview of the accim structure. Within the directory accim, a 
directory called sim can be found. It contains all the modules needed for 
addAccis() to work: accis.py, accim_Main.py, accim_Base.py, accim_Ba-
se_EMS.py, accim_MultipleZone.py, accim_MultipleZone_EMS.py, accim_-
SingleZone.py, accim_SingleZone_EMS.py, and accim_IDFgeneration.py. The 
accis module contains the addAccis() function, which is the only func-
tion that can be called from an end-user point of view; the accim_Main 
module contains the class where all the other modules are imported; 
modules from accim_Base to accim_SingleZone_EMS contain the functions 
that modify the input static-setpoint IDF file to make it a generic 
adaptive-setpoint IDF; and finally, the accim_IDFgeneration module 
contains the functions that transform the adaptive-setpoint IDF into the 
output IDFs based on the different various user arguments, and save 
copies of them. Methods within modules have been organised according 
to the following criteria: the accim_Base module contains methods not 
related to EMS, which are used in both MultipleZone and SingleZone 
Fig. 2. Workflow to generate output IDFs from an end-user point of view.  
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branches, while EMS-related methods common to both branches are 
contained in accim_Base_EMS; same criteria are applied to accim_Multi-
pleZone, accim_MultipleZone_EMS, accim_SingleZone, and 
accim_SingleZone_EMS. 
Fig. 3 shows the procedure carried out when addAccis() is called, and 
Appendix C shows the actual Python code; (i) Lines 62 to 69 show the 
imports needed and list the input IDFs; (ii) lines 70 to 144 evaluate 
whether the arguments used to set up the script are properly included; if 
not, the user is asked to include them in command prompt or python 
interpreter; finally, the arguments values are stored; (iii) lines 145 to 
209 consist of the procedure to create the generic adaptive-setpoint IDF. 
In these lines, a loop, which iterates over the input IDF, is created. 
Within this loop, the following actions are carried out as follows:  
• (lines 150-156) The class accimJob is instantiated according to the 
previously stored arguments.  
• (lines 156-159) Methods related to the accim_Base module are called:  
o (line 156, method setComfFieldsPeople()) existing People objects 
are amended to include thermal comfort fields.  
o (line 157, method addOpTempTherm()) checks if ZoneControl: 
Thermostat:OperativeTemperature objects for each zone are in the 
model; if not, they should be added.  
o (line 158, method addBaseSchedules()) checks if ‘On’ Schedule: 
Compact object is in the model; if not, it should be added.  
o (line 159, method setAvailSchOn()) sets the heating and cooling 
availability schedules of ZoneHVAC:IdealLoadsAirSystem objects 
to on, so that heating and cooling are always allowed to work. 
• (lines 162-173) Depending on the branch, i.e., SingleZone or Multi-
pleZone, some methods are called as follows:  
o In case of MultipleZone,  
▪ (line 163, method addMultipleZoneSch()) some Schedule: 
Compact objects are added if needed;  
▪ (line 164, method addCurveObj()) an extensive list of 
Curve objects are added;  
▪ (lines 165, methods addDetHVACobj()) afterwards, 
detailed HVAC objects are added, i.e., the VRF system and 
related components;  
▪ (line 166, method checkVentIsOn()) checks that settings 
related to calculated natural ventilation are as needed;  
▪ (line 167, method addForscriptSchMultipleZone()) adds 
the aforementioned FORSCRIPT_AHST and FOR-
SCRIPT_ACST Schedule:Compact objects for each zone. 
o (line 169, method addForscriptSchSingleZone()) In case of Sin-
gleZone, the code is significatively shorter because no HVAC sys-
tem is required. Thus, it only adds the FORSCRIPT_AHST and 
FORSCRIPT_ACST Schedule:Compact objects. 
• (lines 171-173) Methods related to accim_Base_EMS, which is com-
mon to both SingleZone and MultipleZone branches, are called as 
follows: 
o (line 171, method addEMSProgramsBase()) adds some Ener-
gyManagementSystem:Program objects.  
o (line 172, method addEMSOutputVariableBase ()) adds some EMS 
OutputVariable objects. 
• (lines 174-184) Depending on the branch, i.e., SingleZone or Multi-
pleZone, some methods related to EMS only for each branch are 
called as follows:  
o In case of MultipleZone: 
Fig. 3. Workflow within the addAccis() function.  
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Fig. 4. Photographs of the building location, the northwest-facing façade, the plan view of the dwelling, and the building energy model.  
Table 2 
Technical characteristics and thermophysical properties of the case study.  



























0.28 1.76 147.63 
Sand 
Lightweight floor 
slab, cast in place, 
with a depth of 25 cm  
Table 3 
Sensors' specifications.  
HOBO Pendant data logger 8K-UA-002-08 
Measurement 
Range Temperature: − 20
◦ to 70 ◦C (− 4◦ to 158 ◦F) 
Accuracy Temperature: ± 0.53 
◦C from 0◦ to 50 ◦C (± 0.95 ◦F from 32◦
to 122 ◦F) 
Resolution Temperature: 0.14 
◦C at 25 ◦C (0.25 ◦F at 77 ◦F) 
Drift: Less than 0.1 ◦C/year (0.2 ◦F/year)  
HOBO U12- 012 
Measurement 
Range Temperature: − 20
◦ to 70 ◦C (− 4◦ to 158 ◦F) 
Accuracy 
Temperature: ±0,35 ◦C from 0 ◦C to 50 ◦C (±0,63 ◦F from 32 
◦F to 122 ◦F) 
Resolution Temperature: 0,03 
◦C at 25 ◦C (0,05 ◦F at 77 ◦F) 
Drift: Less than 0.1 ◦C/year (0,2 ◦F/year)  
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▪ (line 175, method addGlobVarListMultipleZone()) 
removes GlobalVariable objects if existed, and adds 
needed GlobalVariable objects needed to work.  
▪ (line 176, method addEMSSensorsMultipleZone()) adds 
Sensor objects for EMS if they are not in the model.  
▪ (line 177, method addEMSActuatorsMultipleZone()) adds 
Actuator objects for EMS if they are not in the model.  
▪ (line 178, method addEMSProgramsMultipleZone()) adds 
Program objects for EMS if they are not in the model.  
o In case of SingleZone, the methods called are similar, but focused 
on the SingleZone branch. 
• (line 185, method addEMSPCMBase()) adds the Pro-
gramCallingManager objects based on the EMS Programs added.  
• (lines 187-199) Depending on both the branch, i.e., MultipleZone or 
SingleZone, and the outputs, i.e., ‘standard’, ‘simplified’ or ‘time-
step’, different methods, which add Output:Variable objects, are 
called. 
Once the generic adaptive-setpoint IDF file has been created, (iv) 
lines 207-257 check if arguments are given when the addAccis() func-
tion is called; if so, the genIDFMultipleZone() or genIDFSingleZone() 
methods generate the output IDFs according to the branch, Multi-
pleZone or SingleZone, respectively. These methods consist of extensive 
loops which iterates through each given value of each argument, in 
which input values of the EMS program called SetInputData are modi-
fied to match the input arguments. Therefore, the arguments given to set 
up the output IDFs are transferred to this EMS program and used in the 
whole EMS script, so the generic adaptive-setpoint IDF file is no longer 
generic but customised based on the arguments. If arguments are not 
given when the addAccis() function is called, then the inputdataMulti-
pleZone() or inputdataSingleZone() methods would ask the user to 
introduce them on prompt command or python interpreter, and output 
IDFs are generated following the same process. Finally, the output IDFs 
are saved in the same folder where input IDFs initially were. For further 
Table 4 
MBE and CV(RMSE) values for indoor air and outdoor dry-bulb temperatures for 
each bedroom and monitoring period.  








14th Jan 2015 - 
03rd Feb 2015 
Northwest 
bedroom 1 
− 4.71% 13.42% 4.47% 25.74% 
Southeast 
bedroom 
− 6.30% 16.47% 4.61% 25.35% 
14th May 2015 - 
12th Jun 2015 
Northwest 
bedroom 1 
3.43% 7.36% 5.87% 26.26% 
Southeast 
bedroom 4.51% 8.03% 5.46% 29.27% 
22nd Jun 2015 - 
22nd Jul 2015 
Northwest 
bedroom 1 
− 0.56% 7.55% 5.93% 21.41% 
Southeast 
bedroom 
0.45% 8.42% 6.15% 23.04%  
Fig. 5. Bar chart with hourly profiles of equipment and lighting and occupancy on weekdays and weekends.  
Table 5 
Setpoint temperatures for static and adaptive models.  
Model Standard Limit Range (◦C) Setpoint Temperature (◦C) 




Upper limit all 25 27 25 




Upper limit (ACST) 
< 10 0.33 ⋅ 10 + 22.8 
10 ≤ Trm < 30 Eq. (6) 
> 30 0.33 ∙ 30 + 22.8 
Lower limit (AHST) 
< 10 0.33 ⋅ 10 + 13.8 
10 ≤ Trm ≤ 30 Eq. (7) 
> 30 0.33 ⋅ 30 + 13.8  
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information, the user can consult the web repository [34] which includes everything related to the accim code. 
Fig. 6. Workflow process for any case study.  
Fig. 7. Comparison of static and adaptive setpoint temperatures.  
Fig. 8. Fluctuation of the operative temperature within the static setpoints.  
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As a general overview, (i) an instance of the accimJob class is created 
based on the user's input arguments related to the script setup; (ii) 
several functions, which were previously imported into the class, are 
executed to generate a generic adaptive-setpoint IDF file: these functions 
are the main body of the process, since all tasks needed to transform 
static into adaptive energy models are performed; once the IDF modi-
fication process is finished, the generic adaptive-setpoint IDF file is 
created based on the user's input arguments needed to set up the output 
Fig. 9. Fluctuation of the operative temperature within the adaptive setpoints.  
Table 6 
Energy savings obtained by applying adaptive setpoint temperatures.  










505.9 23.5 95.4 
Heating 
consumption 





102.2 3.2 96.9 
Heating 
consumption 






215.5 6.5 97.0 
Heating 
consumption 






125.8 0.1 99.9 
Heating 
consumption 






155.8 5.9 96.2 
Heating 
consumption 
(kWh) 53.1 40.1 24.5 
Dwelling Total (kWh) 1361.4 233.5 82.8 
Total (kWh/m2) 17.7 3.0 82.8  
Fig. 10. Example of extensive simulation runs using addAccis().  
D. Sánchez-García et al.                                                                                                                                                                                                                       
Automation in Construction 131 (2021) 103900
12
IDFs, and (iii) the output IDFs generation process takes place: in this 
process, the functions modify the EMS programs input data based on the 
input arguments and save copies, thus creating the output IDFs. 
3. Applications 
3.1. Case study and energy saving potential 
The case study is a residential building built in 1978. Before NBE-CT 
79 [39], the first Spanish building energy regulation, became effective in 
1979, envelopes have been built without insulation. It is an 8-storey 
building, and the dwelling has a living-room, a bathroom, a kitchen 
and three bedrooms, with a surface area of 77 m2 (Fig. 4). The building is 
in Seville, a city in the south of Spain, where climate is Mediterranean, 
with hot summers and mild winters, and belongs to the Csa class ac-
cording to Köppen–Geiger's classification [40]. The envelope is the 
typical external wall used in this building period, which is a double-leaf 
brick wall with air gap. The properties of the external walls and the 
remaining elements modelled in the case study are included in Table 2, 
and the case study has a Variable Refrigerant Flow system with Coeffi-
cient of Performance and Energy Efficiency Ratio values of 2.10 and 
2.00, respectively. 
After gathering the necessary data, DesignBuilder was used to create 
a building energy simulation model. To validate the model based on 
both the indoor air temperature and the outdoor dry-bulb temperature, 
three different monitorings were carried out along the year: between 
14th January and 3rd February in winter, between 14th May and 12th 
June in spring, and between 22nd June and 22nd July in summer. 
Moreover, HOBO Pendant data logger 8K-UA-002-08 sensors were used 
to measure the outdoor temperature, and HOBO U12- 012 sensors to 
measure the indoor air temperature (Table 3). A total of four sensors 
were placed: two measured the temperatures in the southeast bedroom, 
and the other two were placed in the northwest bedroom 1. Therefore, 
measured and simulated indoor air and outdoor dry-bulb temperatures 
were evaluated following the ASHRAE Guideline 14-2014 [41]. The 
Mean Bias Error (MBE) (Eq. (13)) and the Coefficient of Variation of the 
Root Mean Square Error (CV(RMSE)) (Eq. (14)) for hourly values did not 
exceed the range ± 10% in case of MBE, and these were lower than 30% 























∙100 [%] (14) 
Where yi is the measured value, xi is the simulated value, n is the 
number of measures, and y is the average of measured values. 
The usage profiles for occupancy and equipment and lighting were 
defined as per the Spanish Building Technical Code [42]. In this profile, 
occupancy varied from 25 to 100% in working days, and it was always 
100% in weekends. In case of equipment and lighting, both followed the 
same profile, varying along the day (Fig. 5). Values of full occupancy 
latent load, sensible loads and both for equipment and lighting were 
respectively 1.36 W/m2, 2.15 W/m2, and 4.40 W/m2. 
The daily setpoint temperatures used in the static and adaptive 
models are shown in Table 5. In the static model, the static setpoints 
from EN16798-1 Category III were applied. Heating season was 
considered to cover from June to September, and cooling season from 
October to May. In the adaptive model, the EN 16798-1 Category III 
adaptive standard was applied when RMOT was contained in applica-
bility limits; otherwise, adaptive setpoints would have been horizontally 
extended (which means that ComfMod OUT-AEN16798 was chosen). In 
relation to the expectation levels, Category III was chosen because the 
building exists. 
In addition, mixed-mode was applied. Mixed mode prioritises the use 
of natural ventilation when outdoor conditions are suitable, otherwise 
air-conditioning is used. Therefore, the following conditions were 
evaluated in all zones:  
- If the operative temperature was greater than VST (obtained from 
VentCtrl and VSToffset arguments).  
- If the outdoor dry-bulb temperature was less than VST.  
- If no heating or cooling was active.  
- If the operative temperature was less than ACST.  
- If the outdoor dry-bulb temperature was greater than the minimum 
outdoor temperature (obtained from the MinOToffset argument).  
- If the wind speed was less than or equal to the maximum wind speed 
(obtained from the MaxWindSpeed argument). 
If all previous conditions are returned true, then windows are opened 
and ventilation is allowed; otherwise, windows are closed. In this case, 
no limit restrictions for the minimum outdoor temperature or the 
maximum wind speed were set, and VST was set without any offset from 
the comfort temperature. 
The aim was to compare the consumption obtained by using adaptive 
and static setpoint temperatures, so only two no. outputs IDFs were 
required: one for the static model, and another for the adaptive model. 
To obtain these by running the addAccis() function, the code included 
below was used, considering that ComfMod argument 0 refers to the 
static model, and argument 3 refers to the adaptive model (OUT- 
AEN16798):   
Fig. 6 shows the overall workflow process for any case study. The 
model should be validated, so that the model results are reliable; how-
ever, it is not required for accim to work, so it was not included in the 
workflow. First, the building geometry was modelled with Design-
builder, and IDF was exported, although this step could have been car-
ried out with another GUI; the HVAC system was not modelled because 
the model has multiple zones, and the VRF system that accim adds is 
similar to the existing one; then, addAccis() function was run including 
the desired arguments; and finally, simulations were run by using EP- 
Launch. 
After finishing the overall process, simulation results were obtained. 
According to previous studies, AST provides a significant energy saving 
potential. Fig. 7 shows the comparison between adaptive and static 
setpoint temperatures. Static setpoint temperatures changed from 
cooling to heating season, while adaptive setpoint temperatures 
changed every day according to the previous days' climate variations. 
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Therefore, the operative temperature was within these setpoint tem-
peratures in both static and adaptive cases (Figs. 8-9). However, adap-
tive setpoints were less restricting than the static ones, achieving an 
energy saving of 82.8% (Table 6). 
3.2. Limitless simulation numbers 
What makes the addAccis() function interesting is that it allows 
customised adaptive setpoint simulations to be run with no limit num-
ber, and this is achieved by means of two main features. 
The first feature is that addAccis() function allows a high custom-
ization of the output IDFs because multiple values can be used for 
multiple arguments: the user mainly uses EN16798-1 or ASHRAE 55 
standards (or CTE in the case of Spain) with any of the categories or 
acceptability ranges, with any of the proposed Comfort Modes, and with 
any of the HVAC modes and Ventilation controls. For these arguments, 
the values represent the various setups that have been developed. 
However, the remaining arguments can be feed with any values in ◦C or 
m/s, depending on the argument. For example, if the addAccis() func-
tion was called considering three input IDFs and arguments according to 
Fig. 10, the number of output IDFs would be 605,493. Besides, 
computational time related to accim was significantly low: it took 20 s to 
generate 65 output IDFs from a single file, although it could vary 
depending on the size and the complexity of the IDF. 
The second feature is that the addAccis() function adds the ACCIS. 
When adaptive-setpoints are used with other methods apart from ACCIS, 
the IDF should be assigned to a specific EPW because these adaptive 
setpoints would have been previously calculated for that EPW. On the 
contrary, when ACCIS is used, the IDF could be assigned to any EPW 
because the adaptive setpoints would be calculated ‘on the go’ by both 
the EMS programs and EnergyPlus. Thus, the 605,493 output IDFs could 
be simulated with, for example, 100 various EPWs and considering 
different climate zones or future scenarios, thus obtaining 60,549.300 
no. simulations. Although computational cost and time related to the 
simulations would be quite high in that case, time consumed by the user 
would be minimum because most steps within the process are auto-
mated. For example, by using EP-Launch, once the output IDFs are 
generated, it takes a few clicks to run the simulations: click on the ‘Group 
of Input Files’ tab, create a new group, select all the desired output IDFs 
within the path, select all the desired EPWs within the path, and finally 
specify the output files' location and hit the ‘Simulate Group’ button. 
4. Discussion 
The energy saving potential and the extensive simulation runs 
allowed by this computational approach provide new possibilities to 
perform energy simulations not only at a country or continent scale, but 
a global one. Subsequently, this approach provides new possibilities to 
extend the scope of different research studies focused on adaptive 
comfort, such as climate change mitigation strategies [25] or energy 
poverty studies [43,44]. To the authors knowledge, the proposed 
computational approach is the first approach that allows this, and be-
sides, it allows other regular adaptive-setpoint simulations to be per-
formed by consuming less time than any other approach. Moreover, this 
approach has been automated and developed with ease-use purposes, so 
there are no error-prone, while other approaches include performing file 
management tasks for dozens or hundreds different EPW files, and the 
IDF files with adaptive setpoints need to be simulated specifically with 
the pertinent EPW file. 
However, this computational approach has some limitations: it 
works with EnergyPlus 9.1-2-3-4-5.0 versions. Older versions than 9.1.0 
do not work, and not all the results might be included in the .csv file 
generated for versions 9.1-2-3.0. The reasons are the slight changes in 
the EnergyPlus IDD file for the different 9.X.0 versions. Input IDFs can be 
exported from any GUI software, but EnergyPlus should be used as 
simulation engine. In addition, language should be English such as any 
user-defined objects within the IDF. Any special character, such as ac-
cents or ‘ñ’, should not be included because they could imply some 
unexpected error related to ‘Latin-1’ codec. Likewise, the SingleZone 
branch only works with single-zone models (as its name indicates), and 
the MultipleZone branch adds the VRF system, which is a standard ob-
ject that can be customised to change the EER or CoP, among others, 
although it requires modifying the source code within accim package. 
Thus, some background knowledge on python programming is highly 
recommended. One of the future steps will be the strengthening of this 
weakness by developing the SingleZone branch to work with multiple 
zones, considering that each zone must be fed by some independent 
HVAC system. 
5. Conclusions 
Adaptive setpoint temperatures are a potential solution to enhance 
building energy efficiency. Its high energy saving potential has been 
widely proved. However, the procedure carried out to achieve these 
results have been time-consuming and error-prone because most tasks 
have been manually performed. The outcome of this research is a novel 
computational approach, called ACCIS, which has been developed to 
amend this disadvantage, and currently there is no other method 
capable of automating the process of applying adaptive setpoint tem-
peratures. ACCIS transforms PMV-based into adaptive setpoint building 
energy models, according to both an IDF and the setup specified by the 
user. ACCIS was initially an Energy Management System script written 
in ERL, which could compute the adaptive setpoint temperature based 
on the RMOT calculated by EnergyPlus ‘on the go’, i.e., while the 
simulation is running, although some actions should still be carried out 
manually. To amend this aspect, a fully-documented Python package 
called accim was developed to perform these actions and to add the 
ACCIS to the IDF. This python package was developed with ease-use 
purposes as it is only necessary to import the accis module and to call 
the addAccis() function, so high knowledge of Python programming 
language was not required. 
To apply this computational approach, a case study was used to 
evaluate the energy saving potential provided by using adaptive setpoint 
temperatures instead of PMV-based setpoint temperatures. The model 
consisted of a residential unit within a residential building built before 
the current energy code was mandatory; the model was in the city of 
Seville, in the south of Spain. After modelling the geometry and vali-
dating the model, the addAccis() function was called to obtain two 
output IDFs that were simulated afterwards by using EP-Launch. 
Simulation results showed that using adaptive setpoint temperatures 
provides 83% of energy saving specifically for this case study; however, 
this ECM could be extended to other locations, and could therefore be 
presented as a relevant climate change mitigation strategy. 
Nevertheless, the minimum time-consuming and error-prone were 
not the most powerful attribute: addAccis() allowed many customised 
adaptive setpoint simulations to be run with no limit. This was achieved 
through two main features: first one is that the addAccis() function al-
lows a high customization of the output IDFs because multiple values for 
multiple arguments can be used, and second one is that the addAccis() 
function adds the ACCIS. Thus, adaptive setpoints could be calculated as 
simulation was run by both the EMS programs and EnergyPlus, and 
therefore the IDF could be simulated with any EPW file. However, in 
other manual procedures, each IDF file had previously calculated 
adaptive setpoints for some specific location, and therefore it could be 
only simulated with the EPW file of that location. 
This computational approach is a powerful tool, but it has some 
limitations related to three aspects: the EnergyPlus versions it works 
with, the format of the input IDFs, and the computational approach it-
self. However, this is the only method that performs many adaptive 
setpoint simulations, so the scope of research studies on adaptive com-
fort, such as climate change mitigation strategies or energy poverty 
studies, could be increased. 
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Appendix A. Simplest version of ACCIS (for EN 16798–1, Category 2)
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Appendix B. Usage example of addAccis() function within accim package version 0.1.14
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Appendix C. accis module within accim package version 0.1.14.  
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. (continued). 
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. (continued). 
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